The phosphatic laminae were precipitated at a very early stage of diagenesis during periods of nonsedimentation. They formed less permeable sedimentary lids and may as such have contributed to enhanced OC preservation. Between 13 and 10.6 Ma, the thusformed phosphatic laminae were frequently subjected to subsequent sediment winnowing and reworking, resulting in the formation of condensed phosphatic beds. Calculated P:C molar ratios suggest that (1) the measured section is highly enriched in phosphorus (P) relative to OC; (2) regeneration of organic P from organic-matter decomposition was negligible; and (3) the source of P was external, likely upwelled bottom water rich in inorganic P.
INTRODUCTION
The middle to upper Miocene Monterey Formation of the central Californian coastal area consists of a unique hemipelagic to pelagic succession, which comprises sediments rich in organic matter, carbonate, phosphate, and biosilica, and their diagenetic derivatives such as porcelanite and chert (Bramlette, 1946; Garrison and Douglas, 1981; sedimentary and mineralogical composition, history of deep burial and subsequent uplift in an active margin setting, economic importance as an oil source and reservoir rock, and relevance for our understanding of climate development during the middle and late Miocene. More specifi cally, it represents a model formation for such diverse studies as: (1) the accumulation and preservation of organic matter (e.g., Summerhayes, 1981; Isaacs, 1981b Isaacs, , 1984 Isaacs, , 1985 Isaacs, , 2001 Isaacs and Peterson, 1987; Piper and Isaacs, 2001; Pisciotto and Garrison, 1981; John et al., 2002) ; (2) the origin and genesis of dolomite (e.g., Baker and Kastner, 1981; Garrison et al., 1984; Burns and Baker, 1987; Compton, 1988; Malone et al., 1994) ; (3) the transformation of opal A to opal CT and quartz (e.g., Murata and Randall, 1975; Pisciotto, 1981; Isaacs, 1981a Isaacs, , 1981b Isaacs, , 1981c Isaacs, , 1982 Keller and Isaacs, 1985; Compton, 1991a; Behl, 1992; Behl and Garrison, 1994) ; (4) phosphogenesis (e.g., Garrison et al., 1987 Garrison et al., , 1990 Garrison et al., , 1994 Kolodny and Garrison, 1994; Medrano and Piper, 1997; John et al., 2002) ; (5) clay-mineral transformations (e.g., Compton, 1991b) ; (6) bio-, magneto-, and chemostratigraphy (e.g., Kleinpell, 1938 Kleinpell, , 1980 Ingle, 1980; Blake, 1981 Blake, , 1994 Vincent and Berger, 1985; Arends and Blake, 1986; Barron, 1986b; Barron and Isaacs, 2001; De Paolo and Finger, 1991; White, 1992; White et al., 1992; Khan-Omarzai et al., 1993; Kennett, 1993, 1994a; Echols, 1994) ; (7) paleoecology (e.g., Föllmi and Grimm, 1990) ; (8) geochemistry (e.g., Delaney, 1992, 1994; ; (9) postdepositional deformation and fracturation (e.g., Seilacher, 1969; Gross, 1995; Grimm and Orange, 1997; Eichhubl and Boles, 2000) ; and (10) structural and tectonic development of the depositional environment (e.g., Graham and Williams, 1985; Graham, 1987; Garrison, 2001, 2002) .
One of the most intensively studied sections of the Monterey Formation is the section at Naples Beach, ~25 km W of Santa Barbara ( Fig. 1; e.g., Isaacs, 1981b Isaacs, , 2001 Arends and Blake, 1986; MacKinnon, 1989; Blake, 1994; Kennett, 1993, 1994a; Hornafi us, 1994; Grimm and Orange, 1997; Badertscher, 2000) . This section is outstanding with regard to its quality of exposure, continuity, and lithological diversity and is regarded as a classical type locality for the Monterey formation (e.g., Hornafi us, 1994) , which depositional environment has been associated with a low-gradient slope (Isaacs, 2001) . In spite of the multitude of studies performed on this section, several aspects remain controversial or poorly understood: (1) Age control has been obtained using diatom biostratigraphy (Barron, 1986b; Barron and Isaacs, 2001) , benthic foraminifer biostratigraphy (Kleinpell, 1980; Arends and Blake, 1986; Blake, 1994) , and strontium isotope stratigraphy (De Paolo and Finger, 1991) . The ages assigned to this section and especially to its central, organic-and phosphate-rich succession are, however, not entirely compatible and are in need of improvement. Good age control is relevant for correlation purposes, calculation of accumulation rates, and last but not least for the verifi cation of the Monterey hypothesis (Vincent and Berger, 1985) , by which a causal relationship is claimed between middle Miocene climate cooling and the preservation of organic carbon in the Monterey and related formations (see also Raymo, 1994; John et al., 2002) . (2) A second challenge is the development of a model of sediment accumulation and organic matter preservation, which is compatible with the calculated low sediment accumulation rates (Isaacs, 2001; John et al., 2002) and observed sedimentological and early diagenetic structures. This is relevant to the discussion whether deposition occurred in a slow and continuous fashion, characterized by particle by particle deposition (e.g., Hoppie and Garrison, 2002) or in a more episodic fashion (e.g., Chang and Grimm, 1999) . (3) A third challenge remains the deciphering of the conditions that led to the genesis of the close and regular juxtaposition of organic and phosphate-rich sediments, a combination that requires rapid and regular change in depositional and early diagenetic conditions.
Here we present a detailed stratigraphic log of the central part of the Monterey section at Naples Beach, which is rich in organic matter and phosphate. We propose a new age model for this succession based on calcareous nanno fossil biostratigraphy and present a model for the accumulation and preservation of organic-and phosphate-rich sediments for this locality. Last but not least we discuss the new age and accumulation data obtained during this study (Badertscher, 2000) and a related study by John et al. (2002) in the light of the Monterey hypothesis.
ANALYTICAL METHODS
The section at Naples Beach was measured in detail and sampled with a density of ~1 sample per 2 m for its lower and upper part and ~2 samples per meter for its middle part rich in organic matter and phosphates (Fig. 2) . The thus-obtained samples were cleaned and cut perpendicular to bedding. One sample half was polished and the other half was used to make thin sections and sample powders. We used Rock-Eval TM 6 (temperature ranges for pyrolysis and oxidation: 300-650 °C and 400-850 °C, respectively; heating steps 25 °C/min; initial time 3 min; Espitalié et al., 1985; Behar et al., 2001) for the analysis of total organic carbon (TOC), hydrogen index, and T max . For determination of the mineral composition of bulk samples, a Scintag XRD 2000 diffractometer was employed following the methods described by Kübler (1983) and Adatte et al. (1996) . Slides for nannoplankton identifi cation were made using the settling method described in De Kaenel and Villa (1996) . A selection of samples was imaged using scanning electron microscopy (SEM; Philips XL20) and environmental scanning electron microscopy equipped with an energy dispersive spectrometer (ESEM-EDS; Philips XL30 FEG). Phosphorus (P) contents and phases were identifi ed using a sequential extraction method (Ruttenberg, 1992; Filippelli and Delaney, 1996; Anderson and 2000; Tamburini, 2001) . A selection of phosphates was analyzed for strontium isotopes at the Centre de Géochimie de la Surface (CNRS) in Strasbourg, France, using a fully automated VG Sector mass spectrometer and the preparation methods and correction factors in Stille et al. (1994) .
STRATIGRAPHY
The Monterey Formation overlies a series of clayey mudstone containing dolomite concretions that belong to the Rincon Formation (e.g., Hornafi us, 1994) . The formation itself starts with an ~200-m-thick succession of siliceous mudstone, which is topped by a prominent interval of synsedimentary reworking (slump folds, breccias) immediately west of the Dos Pueblos Creek. At the eastern side of the Dos Pueblos Creek, the section continues with an ~180-mthick succession of calcareous and siliceous mudstone rich in organic matter and phosphate, which contains a series of condensed phosphatic beds that were measured and sampled for this study (Fig. 2) . The upper portion of the Monterey Formation consists of ~100 m of siliceous mudstone. The contact to the overlying Sisquoc Formation is marked by erosion and the clayey siliceous mudstone of this formation includes several intervals with reworked sediments of the Monterey Formation.
We distinguish the following lithologies in the measured section ( Fig. 2 and Table 1 ). (1) Finely laminated black mudstone: a dark-colored mudstone characterized by the regular occurrence of light-colored phosphatic laminae, which are laterally mostly continuous. (2) Coarsely laminated black mudstone: the coarse phosphatic laminae are laterally discontinuous. (3) Nodular black mudstone: this lithology includes frequent phosphatic particles and nodules; phosphatic laminae are less abundant. (4) Red mudstone: granular phosphatic layers and isolated phosphatic nodules are frequent in this lithology, whereas phosphatic laminae are not as abundant. Calcareous benthic foraminifera are rare and agglutinated benthic foraminifera are very common. The rusty red to brown color is probably due to surfi cial oxidation of iron-containing minerals. (5) Siliceous mudstone: this type of mudstone is similar to black mudstone except for an increase in biosilica. (6) Phosphatic condensed beds: these horizons, which are up to 30 cm thick, are build up of phosphatic laminae, particles, and pebbles, which are commonly embedded in a phosphatic matrix. (7) Chert and porcelanite: some rare horizons within the siliceous mudstone consist of porcelanite and chert. (8) Dolomite and limestone: dolomite and limestone occur in discrete nodules and layers within the mudstone and phosphatic condensed beds. And (9) bentonite: volcanic ash layers are abundant in the measured section. They are normally millimeters thick but may attain bed thicknesses of up to 10 cm.
The here distinguished lithologies correlate well with the nearby section at El Capitan State Beach (John et al., 2002) , the difference being that the black mudstone is differentiated here in three subtypes and that the gray mudstone described from the section at El Capitan State Beach and also characteristic for the lower part of the Monterey Formation at Naples Beach is not covered in the section described here.
CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY
Different age models have been proposed for the Monterey Formation, which for a large part have been derived from the section at Naples Beach. These models are based on biostratigraphy (benthic foraminifera: Kleinpell, 1938 Kleinpell, , 1980 Arends and Blake, 1986; Blake, 1994; diatoms: Barron, 1986b; Barron and Isaacs, 2001) , strontium isotope stratigraphy (De Paolo and Finger, 1991) , and magnetostratigraphy (Khan-Omarzai et al., 1993) . With regard to the condensed interval at Naples Beach, different age ranges have been postulated: Arends and Blake (1986) and Blake (1994) envisaged a time span of 14.8-9.3 Ma for its formation; Barron (1986b) and Barron and Isaacs (2001) estimated a period of 14.3-10.3 Ma; De Paolo and Finger (1991) proposed 14.8-13.7 Ma; and KhanOmarzai et al. (1993) 
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San Luis Obispo (compare also Khan-Omarzai et al., 2001 ).
Here we propose a new age model for the central portion of the Monterey Formation, which is based on the detailed analysis of preserved calcareous nannofossils in 49 samples, selected for their relatively high carbonate contents detected by systematic XRD screening of all collected samples. Table 2 gives a compilation of the identifi ed nannofossil distributions and Table 3 contains a summary of calcareous nannofossil events and corresponding ages, which have been calibrated against orbitally tuned time scales (Hilgen et al., 2000) . Additional information on zonal schemes and calcareous nannofossil events is published in John et al. (2002) .
Seventeen age dates result from this analysis (Fig. 3 ), pointing to a time interval between 13.5 and 13 Ma for the deposition of red mudstone and between 13 and 12 Ma for the formation of the condensed interval (Dat 17 to Nap 124; Fig. 2) . A second condensed bed just above the condensed interval is bracketed between 10.9 and 10.6 Ma (Nap 124 to Dat 20; Fig. 2 ).
The nearby section at El Capitan State Beach has also been dated by calcareous nannofossils (John et al., 2002) and we observe a good correlation in time for the different lithologies, with the exception of the condensed phosphatic beds. The formation of the condensed beds started at 12.7 Ma at El Capitan State Beach and at 13 Ma at Naples Beach. The youngest condensed phosphatic beds date as 10.8 Ma (El Capitan State Beach) and 10.6 Ma (Naples Beach). The entire intervals of low sedimentation rates are quite well correlated between both sections (between 13.3 and 10.8 Ma for the section at El Capitan State Beach and 13 and 10.6 Ma for the section at Naples Beach); within these intervals, however, the bulk of the condensed phosphatic beds appears near the base at Naples Beach, leaving a mudstone interval of ~8.5 m between the stack of condensed phosphatic beds (Nap 88 to Nap 116; Fig. 2 ) and the highest phosphatic condensed bed (Nap 130; Fig. 2 ), whereas at El Capitan State Beach, they appear near the top and have a mudstone interval at the base of the condensed interval.
MINERALOGICAL AND GEOCHEMICAL ANALYSES

XRD Analyses
We performed XRD analyses on 172 samples in order to study the mineral distribution and its evolution through time (Table 1 and Fig. 3 ). Phyllosilicates vary around 10 weight % (wt%) in black mudstone and around 15 wt% in red and siliceous mudstone. Measured phyllosilicates consist mainly of biotite and smectite, as in the nearby section at El Capitan State Beach. Quartz and feldspar contents vary between 5 and 15 wt%. Since porcelanite and chert are rare lithologies in the measured section and most biosiliceous material is still present as opal CT (Isaacs, 1981a; Behl, 1992) , the quartz phase measured here is mostly of detrital origin. Calcite contents are quite variable and amount to an average of almost 50 wt% in the fi nely laminated black mudstone. They diminish in the coarsely laminated, nodular, and siliceous mudstone and become very low in the red mudstone (average around 1.73 wt%; Table 1 ). The calcite content is mostly related to the presence of foraminifera and calcareous nannofossils, which may partly form oozes (Table 2) . Carbonate fl uor-apatite (CFA) concentrations vary around 3.5-10 wt% in black mudstone, and diminish to 1.2-2.2 wt% in red mudstone. The condensed phosphatic beds contain up to 78 wt% CFA. Minor mineralogies identifi ed include ankerite, dolomite, pyrite, and zeolite, and we identifi ed jarosite, gypsum, and halite (sea-shore exposure) as secondary minerals.
Rock-Eval Analyses
We systematically analyzed all samples for TOC contents using Rock-Eval. Black mudstone shows average TOC contents between 7 and 12 wt%, whereas red mudstone has an average TOC content of ~15 wt%. Siliceous mudstone shows an average TOC content of ~6 wt% (Table 1) .
A hydrogen index versus T max cross plot (Fig. 4) suggests a consistent affi liation of the analyzed organic matter with type II kerogen. Type II kerogen is usually associated with a marine origin (cf. Summerhayes, 1981; Isaacs and Petersen, 1987) . Organic matter from the condensed phosphatic beds plots low within the type II kerogen fi eld and partly within the type III kerogen fi eld. Those samples are character- 
CALCAREOUS NANNOFOSSIL DISTRIBUTIONS IDENTIFIED IN THE STUDIED SECTION OF THE MONTEREY FORMATION AT NAPLES BEACH
Note: A-absent; P (present) = 1-2 specimens per 201-500 fi elds of view; R (rare) = 3-14 specimens, one specimen per 51-200 fi elds of view; F (few) = 15-74 specimens, one specimen per 11-50 fi elds of view; C (common) = 75-150 specimens, one specimen per 2-10 fi elds of view; A (abundant) = 151-1000 specimens, 1-10 per fi eld of view; O (ooze) = 1001-5000 specimens, >10 specimens per fi eld of view. 
ized by low TOC contents (average is 1.6 wt%) and the included organic material may have been altered during the process of condensation.
Phosphate Analyses
In order to improve our understanding of pathways of phosphate transfer and phosphogenesis, we analyzed 16 selected samples using the Sedex method (Fig. 5; Ruttenberg, 1992; Filippelli and Delaney, 1996; Anderson and Delaney, 2000; Tamburini, 2001; compare Filippelli and Delaney, 1995 , for a similar study on the Monterey Formation at Shell Beach, Pismo Basin). This method allows for the identifi cation and quantifi cation of organically bound, iron-and manganese-bound, detrital, and authigenic phosphorus (including phosphorus associated with fi sh debris, calcium carbonate, and smectite) phases.
In all lithologies, organic and iron-and manganese-bound phosphorus are subordinate phases relative to authigenic and detrital phosphorus. The detrital phosphorus phase does not correlate well with contents of detrital quartz and appears to be high in condensed and reworked samples with no macroscopic trace of detrital phosphorus. We concur with Filippelli and Delaney (1995) that the detrital phase may correspond to an authigenic phase, which has undergone subsequent recrystallization and fl uor enrichment (see below; Shemesh, 1990 ).
This would signify that the great majority of identifi ed phosphorus phases classify as authigenic phosphorus.
The measurement of phosphorus contents in context with TOC contents allows us to calculate P:C molar ratios for a selection of fi ve wholerock samples (i.e., mudstone including phosphatic laminae): three fi nely laminated black mudstone samples obtained ratios of 1:28, 1:31, and 1:129, whereas two siliceous mudstone samples have ratios of 1:37 and 1:51. The detailed analysis of separate sediment and mineral phases within one coarsely laminated mudstone sample was particularly interesting. Two measurements within the mudstone itself yielded ratios of 1:120 and 1:111, whereas a measurement within a phosphatic lamina in the same sample resulted in the ratio of 1:1.2 (Fig. 6 ).
Strontium Isotope Analyses
The evolution in the ratio of 87 Sr/ 86 Sr isotopes during the Miocene is particularly favorable to precise age dating and a variety of Miocene phosphate deposits have been dated using 87 Sr/ 86 Sr ratios in phosphates (Compton et al., 1993; Stille et al., 1994; Jacobs et al., 1996) . This encouraged us to analyze a series of 17 phosphatic samples (phosphatic peloids, laminae, and crusts) from the vicinity of the condensed interval for their Table 4 ). Unfortunately, no good correlation was obtained between the nannofossil-derived ages and the youngest strontium-based ages per stratigraphic level (Fig. 7) .
The range in age data obtained from the phosphate samples may be explained by the presence of bentonite throughout the condensed intervals, which may have been a source of strontium with low 87 Sr/ 86 Sr ratios during phosphogenesis. In addition, potential reworking of phosphate material (see below) may also add complexity to the data.
SEDIMENTARY AND EARLY DIAGENETIC STRUCTURES
The sediments analyzed here show a wealth of sedimentary and early diagenetic structures, which are helpful in the interpretation of depositional mechanisms and early diagenetic processes.
Laminations
The sediments of the Monterey Formation are laminated throughout most of the studied section. A distinction is made between primary laminations, which are related to regular differences in the original composition of deposited sediment, and early diagenetic laminations, which are related to the regular precipitation of phosphate and other minerals in preexisting sediments during early diagenesis. These two types of laminations are end members, and laminations may occur in relation to primary, depositional differences, which are enhanced by early diagenetic precipitations (so-called diagenetically enhanced laminations). Primary laminations are often nicely preserved in dolomitized intervals in the lower part of the Monterey Formation at Naples Beach; irregular primary laminations occur also in some condensed phosphatic intervals in the middle and uppermost part of the formation (cf. Chang et al., 1998; Johnson and Grimm, 2001) . Within the mudstone itself, they are much less conspicuous and early diagenetically formed laminations dominate.
In the dolomitized intervals, the primary laminations consist of dark and organic-rich laminae, light laminae rich in foraminifera, volcanic ash layers, and layers that are internally homogeneous and include isolated fl akes of organic matter. These latter layers are comparable to the speckled beds described by Chang and Grimm (1999) from the upper part of the Monterey Formation near Lompoc and interpreted as gravity-fl ow deposits. The laminations in the dolomitized intervals are often disrupted, contorted (e.g., Seilacher, 1969; Grimm and Orange, 1997) , and associated with local discontinuities, slumps, dish structures, and incisive structures (Figs. 8A and 8B) .
In a phosphatized bed (which at Naples Beach is only preserved in the form of reworked boulders in the lower part of the overlying Sisquoc Formation), irregularly shaped laminae occur, and they are laterally continuous or discontinuous. The laminated sediments consist of silty phosphatic mudstones. The boundaries between the laminae are covered with a thin layer of silt-free phosphate. These irregular laminations are an example of diagenetically enhanced primary laminations Föllmi, 1996) . Early diagenetically formed laminations dominate the middle part of the Monterey Formation at Naples Beach and structure the sediments in a characteristic way (Figs. 8B and 8C). They are defi ned by an interplay of dark and organic-rich muddy intervals, ranging in thickness from less than 1 mm to ~2 cm, and lightcolored phosphatic laminae, ranging in thickness from less than 1 mm to ~1 cm (so-called pristine phosphate in . They are laterally continuous or discontinuous. At their base, the phosphatic laminae usually show a transition to the subjacent muddy intervals, whereas their top is either transitional or defi ned by a sharp contact. In cases where the top boundary is sharp and well defi ned, it may show shallow incisive contacts (scours) and lateral cutoffs of the light-colored lamina, leading to a local angular discontinuity (Figs. 8E and 8H) . In a few cases, the light laminations show internal deformations, which may lead to an angular discontinuity at its top (Fig. 8F) . The presence of angular discontinuities is also observed in the case of whole layer deformation.
In thin section, the phosphate laminae are very irregularly confi ned, and there are transitions to the organic-rich mudstone, which are characterized by the increasingly dense development of phosphatic microconcretions that coalesce to form the phosphatic laminae. Within the phosphatic laminae, organic-rich mudstone may still be present in the form of thin and irregular seams (Fig. 8G) . In cases where the top boundaries of the phosphatic laminae are sharp and well defi ned, they also appear as such in thin section (Fig. 8H ).
Sediment Clasts, Nodules, and Coated Nodules
Sediment clasts are a regularly occurring feature in the Monterey Formation at Naples Beach. They consist either of reworked material from the Monterey Formation itself (e.g., mudstone, dolomite, porcelanite, phosphate) or of exotic material (wood, bone fragments, volcanic material) and are accumulated in discrete horizons or present as isolated clasts. A particularly impressive polymict clastic succession of ~30 m is present immediately west of Dos Pueblo Creek, and a smaller horizon of varying thickness (maximum 1 m) occurs at level Nap 16 (Fig. 2) . These successions appear to be part of wholesale slumped intervals.
An isolated dolomite clast marked by Gastrochaenolites-type borings was observed in coarsely laminated black mudstone (Fig. 9A) . Isolated porcelanite clasts may occur just above porcelanite horizons or elsewhere, unrelated to a porcelanite horizon (Fig. 9B) . Isolated clasts of volcanic material, wood fragments, and bone fragments are present in mudstone and within the phosphatic condensed beds; when they occur in mudstone, they may deform and/or interrupt associated phosphatic laminae (Figs. 9C and 9D) .
Phosphatic clasts are a widespread phenomenon. They may be isolated or may accumulate in discrete levels composed of sand-to pebblesized phosphatic lithoclasts (Fig. 9H) . The phosphatic clasts may be rounded (Figs. 9E and 9F) or irregularly shaped, light colored or dark colored, and coated by a new phosphate generation (Fig. 9G) or remain uncoated. The coated clasts are usually nodular and may show a sharp and well-defi ned surface or a transitional boundary to the surrounding mudstone, similar to the early diagenetically formed phosphatic laminae.
Slump-Folded, Perturbed, Fractured, Bioturbated, and Gravity Transported Intervals
Besides entirely slumped intervals, slumps also occur as isolated structures within the mudstone. Phosphatic laminae show single slump folds, which are directly overlain by nondisturbed laminae (Fig. 10A) Figs. 10B and 10C ; e.g., Dzulynski, 1996) . Discrete intervals of up to 50 cm may be perturbed by normal microfaults, or may be amalgamated (Figs. 10D and 10E; Seilacher, 1969; Grimm and Orange, 1997) . Bioturbation is limited to discrete intervals within the Monterey Formation (Föllmi and Grimm, 1990; Ozalas et al., 1994) . Unidentifi ed burrows are present in the primary laminated dolomitized intervals (Fig. 8A) . Thalassinoides burrows occur also in discrete levels within the mudstone succession (e.g., Nap 75; Figs. 10F and 10G). These burrows penetrate the sediments to a depth of up to 20 cm and cut through early diagenetically formed phosphatic laminae in all observed cases.
Gravity-fl ow deposits occur at all scales. The above discussed conglomeratic intervals are associated with internally slump-folded sediment packages; the amalgamated primary laminations in dolomite beds have been interpreted equally as gravity-fl ow deposits (Chang and Grimm, 1999) . Gravity-fl ow deposits are also widespread within the mudstone. Internally homogeneous layers up to 20 cm thick, which are sharply bound toward the base and top, are interpreted here as mudfl ow deposits (Fig. 10H) . Gravity-fl ow deposition may also have been instrumental in the deposition of the black, organic-rich muddy laminae, as is shown below.
Structures in Condensed and Allochthonous Phosphatic Beds
The condensed phosphatic beds in the Monterey Formation at Naples Beach are characterized by a variety of stratifi cation types, which differ in complexity and appear to be based on some sort of interplay between phosphogenesis, episodes of nondeposition and erosion, and gravity-fl ow deposition (Figs. 11-13 ; Garrison et al., 1987 Garrison et al., , 1990 Garrison et al., , 1994 John et al., 2002) . Three end members are observed. (1) Condensed phosphatic beds consisting of stacked and/or coalesced phosphatic laminae, with reduced (stacked) or without (coalesced) intervening mud laminae (Figs. 11A, 11C, 11D , and 12B). (2) Conglomeratic condensed phosphatic beds, which include phosphatic clasts and grains. These clasts result from the fragmentation of one or more phosphatic laminae and the consequent concentration by winnowing (Fig. 11B) . (3) Allochthonous phosphatic beds, which are composed of polymict conglomeratic layers and result from the erosion of preexistent phosphatic beds and their redeposition by gravity fl ow (Fig. 12D) .
Complexity is added by the following.
(1) In the condensed beds consisting of stacked or coalesced phosphatic laminae, intervening erosive boundaries and related angular unconformities may be present (Figs. 11C and  12E) . (2) The winnowed and allochthonous conglomeratic layers may become cemented by subsequent phases of phosphogenesis (Figs. 11D, 11E, 11F, 12A, 12C, and 12D) . (3) The conglomeratic layers may include detrital quartz grains, wood and bone fragments, and volcanic pebbles (Fig. 12D) and/or layers and particles of different authigenic minerals, such as glauconite (Fig. 12C) , dolomite ( Fig. 11D ; Garrison et al., 1994) , and silica phases.
In thin section, the internal architecture of the condensed and allochthonous phosphatic beds reveals itself as complex (Fig. 13) . The stacked and often coalesced phosphatic laminae include large amounts of phosphatic particles, such as phosphatized benthic calcareous or agglutinated foraminifera (Figs. 13A and 13B) , phosphatized coprolites and peloids (Figs. 13B, 13C , and 13H), fi sh debris (Figs. 13E-13G ), phosphatized lithoclasts, and glauconite grains (Fig. 13I) . The phosphatic particles are often complex, marked by different phases of phosphogenesis and signs of sediment reworking and re-exposure (Figs. 13J-13O ). This is shown by (1) nodules, which consist of different phosphatic generations characterized by different color and facies (Figs. 13C, 13K-13M) ; (2) coated grains, which consist of phosphatic particles enveloped by a separate phosphate phase (Fig. 13D) ; (3) coalesced particles (Fig. 13L) ; and (4) phosphatic particles that are peripherically bored, encrusted, and eroded (Fig. 13J) . Fragmented phosphatic laminae may serve as a source of phosphatic lithoclasts and particles (Fig. 13O) , which may consequently be incorporated into winnowed and/or allochthonous layers.
Structures and Phosphate Mineralogy: ESEM/EDS Analyses
We used an environmental scanning electron microscope (ESEM) coupled to an energy dispersive spectrometer (EDS) in order to elucidate the microstructure and mineralogy of a selection of representative phosphates, including (1) a light-colored phosphatic lamina (Nap 13 in Fig. 2) ; (2) a light-colored phosphatic nodule (Nap 80 in Fig. 2) ; and (3) a condensed phosphatic horizon (Nap 89 in Fig. 2; cf. Fig. 11E ). The phosphate mineral is carbonate fl uor-apatite in all three samples.
The microstructures are distinctive and appear to be dependent on the type of phosphate (Fig. 14) . The phosphate in the phosphatic lamina (Nap 13) is composed of 1-2 µm long, rod-like structures, which appear isolated, in crossed twins, or in bundles (Figs. 14A-14C ). Locally, they are linked by isolated fi lamentous structures (Fig. 14C) . Similar structures Fig. 12A ) in the middle, and stacked phosphatic laminae and lenses at the top. A laterally discontinuous dolomite layer is visible just above the lens cap (Nap 95); (E) condensed phosphatic interval composed of an entirely phosphatized conglomeratic phosphatic bed with a level of stacked phosphatic laminae at its base (Nap 88 and 89); (F) a series of condensed phosphatic intervals, which consists of entirely phosphatized conglomeratic layers, coalescent phosphatic laminae, and closely spaced phosphatic laminae (Nap 105-109).
have been described from the same locality by Reimers et al. (1990) , and comparable, albeit somewhat larger structures have been reported from recent phosphorites offshore of Peru (ODP Leg 112; Lamboy, 1994; compare also Mirtov et al., 1987) . The light-colored phosphatic nodule shows an internal structure composed of phosphatic microspheres, which are 2-10 µm in size (Fig. 14D) . Such structures are also documented from recent phosphorites offshore of Peru (Lamboy, 1994) and elsewhere (Soudry and Lewy, 1988; Mirtov et al., 1987) . This sample includes also phosphatic molds of diatom tests (Fig. 14E) . The condensed phosphatic horizon (Nap 89) is composed of phosphates, which are better crystallized and include idiomorphic crystals (Figs. 14F-14H ). Pore spaces are lined with botryoidal, radiating phosphatic envelopes, which include idiomorphic, hexagonal, phosphate crystals of 2-5 µm (Fig. 14F ). Similar structures are also shown in Mirtov et al. (1987) .
INTERPRETATIONS General Trends in Sediment Accumulation
The combination of XRD, TOC, and phosphorus analyses on a large selection of representative samples and biostratigraphic time control allows us to quantify accumulation rates of total sediment, TOC, phosphorus, and a selection of other minerals (in mg/cm 2 /k.y.; Fig. 15 TOC and phosphorus accumulation patterns are comparable, with the highest accumulation rates occurring in the time interval of 13.5 and 13 Ma. The time interval with the highest quantities of phosphorus (between 13 and 10.6 Ma) corresponds to the lowest accumulation rate. The highest accumulation rates for calcite are observed between 14.3 and 13.5 Ma. Quartz, feldspar, and phyllosilicate accumulation rates are highest for the period from 13.5 to 13 Ma (Fig. 15) .
Sediment Accumulation Processes
Sediment deposition and accumulation in the Monterey Formation appear to have been governed for a large part by episodic and highly dynamic processes. Indications for this are manifold.
1. Sediments with preserved primary laminations show the presence of disrupted and contorted beds, local discontinuities, slumps, water-escape structures, and erosive structures (Fig. 8) .
2. Internally homogeneous laminae and layers, including isolated fl akes of organic matter, have been interpreted as gravity-fl ow deposits ( Fig. 8B ; Chang and Grimm, 1999) .
3. Slumping is observed on the scale of entire sediment units, but also in thin intervals, for example in phosphatic laminae (Fig. 10A) .
4. Mud-fl ow deposits occur in the form of internally homogeneous mud beds (Fig. 10H) .
5. Phosphatic laminae show incisive structures at their top, which may laterally cut off the laminae (Fig. 8E ). Contorted laminae (Fig. 8F) , angular discontinuities interfacing the laminae (Fig. 8E) , and injection structures (Figs. 10B and 10C ) are additional indicators of dynamic conditions. 6. The presence of clasts, nodules, coated phosphatic nodules, and phosphatic grains within the muddy intervals is viewed here as the result of erosion and subsequent transport by gravity fl ow (Fig. 9) .
7. The presence of condensed and allochthonous phosphatic beds and their complex internal architecture are taken here as indicators of important hydrodynamic conditions. 8. The presence of Thalassinoides in isolated horizons within the laminated sediments (Figs. 10F and 10G )-not associated with other types of bioturbation-is an indication of crustacea, which survived turbulent gravity-fl ow transport and subsequent dysaerobic conditions (doomed pioneers; Föllmi and Grimm, 1990; Grimm and Föllmi, 1994) .
The sum of these observations suggests that gravity-fl ow deposition was an important process in the deposition of the mudstone. A non-negligible part of the mudstone was deposited episodically in the form of distal turbidity currents and subordinated mud fl ows, thereby locally eroding and/or perturbing the subjacent sediment cover (cf. Stow et al., 2001) .
The formation of fractured and perturbed sediment intervals in the Monterey Formation has been related previously to seismic activity (Seilacher, 1969; Grimm and Orange, 1997) . We tentatively extend this mechanism to the A B C D E 5 cm processes ascribed above and propose that seismic activity was instrumental in shaping the sediments of the Monterey Formation, by the in situ deformation of sediments, thereby facilitating the erosion and reworking of preexisting sediments and episodically triggering slides and gravity fl ows. Bottom-current activity has been instrumental as well in lowering sediment accumulation rates, inducing episodes of nondeposition, winnowing, and erosion. It may also have been important in accelerating the transfer of inorganic phosphate from bottom water into the sediment (see below). In general, the intensity of these processesgravity-fl ow deposition, seismic activity, and bottom current activity-reached a maximum in the period between 13 and 10.6 Ma, where condensation of sediments prevailed and accumulation rates dropped to a minimum.
Early Diagenesis and the Formation of Phosphatic Laminae
The mineralogical composition of the Monterey Formation at Naples Beach is infl uenced by early diagenetic processes, which lead to the precipitation of dolomite, porcelanite and chert, and especially phosphate. We focus here on the precipitation of phosphatic laminae and suggest that they were formed at a very early stage of diagenesis. Evidence for this is that the phosphatic laminae have frequently been subjected to subsequent shallow scouring and erosion (Fig. 8E ) and that they are involved in subsequent phases of sediment deformation such as slumping, fracturing, and bioturbation (Figs. 10A, 10D-10G ). They do not appear to have formed directly at the sea fl oor but may have formed just below this interface. This is suggested by the examination of noneroded phosphatic laminae in thin section, which show transitional zones toward the overlying mudstone (Fig. 8G) .
Early diagenetic dolomitization occurred regularly and may preserve precompacted sedimentary structures (Figs. 8A and 8B) . The thus-formed dolomite may be subsequently eroded and reworked as nodules thereby undergoing biological erosion (Fig. 9A) . Reworked dolomite nodules appear in wholesale slumped intervals; they are, however, not observed in thin allochthonous beds, which suggests that their formation occurred deeper below the sediment-water interface (probably several meters), only to be reworked during large-scale erosional events. This is compatible with observations of Burns and Baker (1987) , who, based on geochemical and stable carbon isotopic evidence, postulated a formation depth of not more than several meters. Similar observations are made for reworked porcelanite nodules, which may appear less than a meter above porcelanite horizons (Fig. 9B) . In analogy, their reworking appears to be restricted to large-scale erosional events, and their formation depth may equally correspond to several meters (cf. Behl, 1992; Behl and Garrison, 1994) .
Accumulation and Preservation of Organicand Phosphate-Rich Sediments
The challenge here is to develop a model of organic matter and phosphate accumulation, which is compatible with the reconstructed dynamics and resulting moderate organic carbon accumulation rates (Table 5 ). The average organic carbon accumulation rate for the Monterey Formation at Naples Beach corresponds to ~8% of the average rate for the high productivity region offshore of Peru during the Holocene (3700 mg/cm 2 /k.y.; 6 different sites, Table 5 ; Reimers and Suess, 1983; Tamburini, 2001; Isaacs, 2001; John et al., 2002) . The rate is comparable to average values of coastal nonupwelling sites (70-300 mg/cm 2 /k.y.; Stein, 1991) or to deeper basins with moderate preservation rates (Table 5 ). The moderate values for Naples Beach are mainly due to the episodic character of depositional processes and intervening episodes of nondeposition, winnowing, and erosion. The accumulation rates calculated for Naples Beach are not related to the quantity of organic matter directly received from primary production by accumulation from suspension but rather to the balance between the quantity of organic matter received by gravity-fl ow deposition from shallower areas and the quantity of organic matter lost by winnowing, erosion, and removal to deeper areas. This implies that the generally high TOC values of up to 22 wt% are the product of excellent preservation conditions, which overruled the negative effects on organic matter preservation resulting from sediment accumulation dynamics (e.g., Müller and Suess, 1979; Stein, 1991; Wignall, 1994) . This was previously observed by Isaacs (2001) and Piper and Isaacs (2001) , who noted a relationship between low sediment accumulation rates and high organic matter preservation rates, which is not necessarily related to high productivity rates and accompanied by high dissolution rates of calcite and silica.
The process of phosphogenesis and formation of phosphatic laminae may have been helpful in improving the conditions of organic matter preservation. These laminae were formed close to the sediment-water interface, very shortly after deposition of the organic-rich mud. By precipitating phosphate in the pores of the organic-rich mud, laminae stabilized the surface sediment at an early stage of diagenesis, rendered the sediment less permeable (Figs. 14A-14C) , and served as a sediment lid, thereby protecting the subjacent muddy sediment and preserving the organic matter enclosed there (see also John et al., 2002) . This is certainly not the only process involved in the enhanced preservation of organic matter. Even if the phosphatic laminae are a common feature in the Monterey Formation at Naples Beach, they are not ubiquitous and are rather rare in red mudstone, the mudstone with the highest TOC values. Free oxygen contents in the bottom water were probably lowest during deposition of the red mudstone, as is indicated by the disappearance of calcareous benthic foraminifera and the prevalence of agglutinated foraminifera (Isaacs, 2001; John et al., 2002) , and this may have helped as well in the preservation of organic matter (Stein, 1991; Wignall, 1994) . The relationship between phosphogenesis and organic matter preservation is examined here also with regard to the P:C molar ratio in selected whole-rock samples. Deviations of this ratio from the Redfi eld ratio imply that either the organic matter was degraded and a relative loss of phosphorus occurred (which may have been used for phosphogenetic processes or transferred back into the ocean at a ratio higher than Redfi eld ratio), or that the sediments became enriched in phosphorus from an external source or became impoverished in organic carbon, relative to organic phosphorus (ratio lower than Redfi eld ratio). The molar P:C ratios of 1:120 and 1:111 measured on a representative coarsely laminated mudstone sample (excluding phosphatic laminae; Nap 23; Fig. 6 ) are very similar to the Redfi eld ratio. This suggests that for this sample, the organic-rich mud has preserved its original P:C molar ratio, thereby precluding a major transfer of phosphorus derived from the degradation of organic matter to the phosphatic laminae.
If phosphogenesis would have been driven entirely by the degradation of organic matter and transfer of organic phosphorus into phosphates, and the sedimentary system would have remained closed for externally derived phosphorus, one would expect P:C ratios to be similar to the Redfi eld ratio in whole rock samples. The P:C molar ratio averaged for fi ve whole rock samples (including phosphatic laminae), however, is 1:55, which suggests general enrichment of the sediment in phosphorus relative to organic carbon. Earlier calculations have shown that theoretically a 2-cm-thick mud layer with 10% TOC would only produce an ~0.5-mmthick layer of pure apatite, if a complete transfer of phosphorus from the degradation of organic matter, dissolution of fi sh debris, and reduction of Mn and Fe compounds is assumed . The thus-obtained theoretical ratio of 2 cm mud and 0.5 mm phosphate (=40:1) does not correspond to the observed ratio of ~5-10:1 (compare Figs. 8C and 8D ).
These observations suggest that the phosphorus used in the process of phosphogenesis was derived from an external source thereby enriching the sediments in phosphorus, rather than from an internal source such as the decomposition of buried organic matter and fi sh debris and desorption of phosphorus from Fe and Mn compounds upon reduction. This is also compatible with the observation that in several cases, phosphate concentrations appear to increase toward the top of the phosphatic laminae (e.g., Fig. 12E ), which is suggestive of a source of phosphorus from above rather than below. The external source is probably upwelled bottom water enriched in inorganic phosphorus (e.g., Kazakov, 1937) . This also precludes the possibility of regeneration and refl ux of phosphorus from the sediments back into the bottom water, due to low oxygen conditions during deposition of the Monterey Formation (e.g., Ingall et al., 1993 ). An external source of phosphate is also proposed for recent phosphogenetic processes offshore of Baja California, at sites which may be considered as a modern analogue of the Monterey depositional environment (Schuffert et al., 1994) .
We therefore postulate the following scenario of phosphogenesis and phosphate accumulation (Fig. 16) . Following the rapid deposition of an organic-rich sediment layer, this sediment remained exposed at the seafl oor for a longer period of current-induced nondeposition, during which a phosphatic lamina was formed just underneath the sediment-water interface by the transfer of inorganic phosphorus from the seawater into the sediment. This transfer may have been accelerated by bottom-current activity (e.g., Föllmi, 1996) . Phosphatic particles may have formed in a similar manner, around agglutinated foraminifera or fecal pellets, for example. The thus-formed phosphates remained pristine if they were untouched by subsequent sediment reworking (Fig. 16A) . The formation of condensed phosphates started in the case where the deposition of gravity-fl ow-derived sediment was associated with erosion and reworking of preexisting sediments, and/or the intervening periods of nondeposition were associated with current-induced winnowing and erosion. In such cases, the thus-formed phosphatic laminae are marked by erosional surfaces and internal discontinuities (Figs. 16B and 16C) , and subsequent generations of phosphatic laminae may be in direct contact with each other (stacked or coalesced). Seismic and/or erosive events may have fractured preexisting phosphatic laminae, and the resulting phosphatic lithoclasts may have been concentrated into single layers by winnowing processes or eroded, transported, and redeposited by gravity fl ows (Figs. 16D  and 16E ). The condensed intervals are often a product of a combination of these processes and reveal corresponding complex internal stratification patterns ( Fig. 16F ; .
This model is not completely identical with a previously published model , where we assumed that the phosphatic laminae originally represented microbial mats, which were buried by muddy gravity-fl ow deposits. At that time, we interpreted the rod-like phosphatic particles observed in the phosphatic laminae as phosphatized remains of microbes ( Figs. 14A-14C ; cf. Reimers et al., 1990 ). This interpretation is diffi cult to maintain, because since then, comparable phosphate structures have been shown to form in experiment under sterile conditions (Van Cappellen, 1991) . As a 
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consequence, we presently cannot prove that microbes were involved in the process of phosphogenesis even if this may have been likely.
The Monterey Formation in Light of the Monterey Hypothesis
In what they called the Monterey hypothesis, Vincent and Berger (1985) postulated a chain of positive feedback mechanisms in order to explain a major cooling phase, which is documented by an important positive excursion in δ
18
O values of benthic foraminifera and presently dated at around 14.5 Ma (e.g., Flower and Kennett, 1994b; Zachos et al., 2001) . They assumed that a major glaciation phase in the Antarctic region led to increased latitudinal temperature gradients in the ocean thereby causing reinforced thermohaline oceanic circulation in general and intensifi ed coastal upwelling in the Pacifi c realm. The associated high productivity rates induced high rates of organic carbon burial, which is documented in formations such as the Californian Monterey Formation and other organic-rich formations around the Pacifi c rim and indicated by a positive excursion in δ 13 C values in benthic foraminifera (from ca. 18-16 Ma; e.g., Flower and Kennett, 1994b) . The increased burial of organic carbon triggered the major cooling phase by atmospheric CO 2 drawdown. The onset of organic carbon burial coincided with the beginning of the middle Miocene at around 17.5 Ma, whereas the cooling phase followed with considerable lag. This lag was explained (Vincent and Berger, 1985) by an atmospheric CO 2 threshold level that had to be reached before cooling could occur. The Monterey hypothesis is one of the fi rst hypotheses in which changes in oceanic circulation and climate, the presence of organic-rich sediments, and positive excursions in stable carbon and oxygen isotopes have been bundled into a plausible scenario of climate change by feedback. It has received much attention since its fi rst publication, and a suite of additions and alternative mechanisms have subsequently been proposed.
Using systematic stable isotope evidence in benthic foraminifera, Woodruff and Savin (1989) were able to confi rm that major changes in ocean circulation patterns took place during the Miocene. They suggested that the infl uence of the Tethys on global thermohaline circulation patterns progressively diminished and that from 14.5 Ma onward, North Atlantic deep water formation became more and more important instead, so that by 10 Ma oceanic circulation was very similar to today.
An important and widely discussed alternative was published by Raymo et al. (1988) , Raymo and Ruddiman (1992) , and Raymo (1994) , who identifi ed a phase of increased uplift in the Himalaya as a potential mechanism to increase runoff and nutrient transfer into oceans, thereby enhancing primary productivity and deposition of organic-rich sediments such as those preserved in the Monterey Formation. According to these authors, the drawdown in atmospheric CO 2 was related to intensifi ed chemical weathering in the Himalayan region. This hypothesis was recently challenged both with regard to the timing and importance of the uplift phases (e.g., Hay et al., 2002) as well as to the effi ciency of chemical weathering in this region (Derry and France-Lanord, 1996b; France-Lanord and Derry, 1997) .
A further twist to the Monterey hypothesis was provided by Hodell and Woodruff (1994) , who postulated that the time lag between the onset of organic carbon burial and cooling could be explained by a period of intensifi ed volcanism and the formation of the Columbia River fl ood basalts, which coincided with the period between 17 and 15 Ma. This volcanic episode may have maintained atmospheric CO 2 levels at higher levels in spite of the phase of organic carbon burial in the Monterey Formation. Several recent studies, however, suggest that atmospheric CO 2 levels were below 280 ppm during most of the Miocene (Pagani et al., 1999; Pearson and Palmer, 2000) .
A further intriguing suggestion was recently made by Retallack (2001) and Hay et al. (2002) , who observed that the advent of C4 plants and the associate expansion of grasslands during the Miocene may have had an impact on weathering, erosion, and climate through greater efficiency in photosynthetic processes, fi xation of water, and weathering of silicates.
Finally, John et al. (2003) suggested that a northward shift in the intertropical convergence zone during the middle Miocene was related to the increased thermal gradient between the North and South Poles. This shift induced increased rainfall in formerly drier areas, which in turn led to increased weathering rates.
Whereas the mechanisms leading to middle Miocene climate change are still a matter of debate, the assumption that organic carbon burial rates were high at the depositional sites of the Monterey Formation during the positive δ 13 C excursion has not been questioned until recently. Isaacs (2001) and John et al. (2002) were the fi rst to show that organic carbon accumulation rates in the Monterey Formation are modest. Also in this study, we show that in spite of the generally high TOC values (up to 22 wt%) observed in the Monterey Formation at Naples Beach, the corresponding organic carbon accumulation rates are rather low in comparison to those of modern high-productivity areas. Furthermore, organic carbon accumulation continued well beyond the climate cooling phase, and a direct correlation between organic-carbon burial and climate change is not evident (cf. Isaacs, 2001) . Also the burial rates of phosphorus, an essential nutrient, did not dramatically change prior to 13 Ma. A similar observation was made for the section at El Capitan State Beach (covering the period >16.3 to <10.8 Ma), where organic carbon accumulation rates only started to rise from 14.5 Ma onward (John et al., 2002) .
Condensation and phosphogenesis in association with the deposition of organic-rich sediments is a widely observed facies in sections and well logs of the Monterey Formation from different basins (e.g., Garrison et al., 1987 Garrison et al., , 1990 . This may imply that moderate organic carbon burial rates are common in a larger part of the Monterey Formation. This does not mean that high organic carbon burial rates are excluded for the Monterey Formation (and for related formations around the Pacifi c rim), but so far we have no positive evidence for this. This may in turn mean that the Monterey Formation did not necessarily represent a major sink of organic carbon burial during the middle Miocene. If this is indeed so, alternative mechanisms are needed to explain the positive shift in δ
13
C. An early compilation extracted from the Deep Sea Drilling Project (DSDP) records by Southam and Hay (1981) shows a major increase in organic carbon burial rates in general during the middle Miocene. This increase was confi rmed for the same period in a model by Derry and France-Lanord (1996a) , where they used a stable carbon isotope mass balance. Furthermore, Southam and Hay (1981) and Derry and France-Lanord (1996a) showed that the organic carbon burial rates continued to increase up to the present. Along the same lines, France-Lanord and Derry (1997) suggested that Himalayan erosion and the associated increase in sedimentation rates in the northern part of the Indian Ocean (Bengal Fan and Ganges-Brahmaputra delta) may have contributed considerably to the general increase in organic carbon burial. This observation is consistent with the data published by Hay (1998) and Hay et al. (2002) , who observed that during the last 15 Ma the sediment fl ux increased by ~50% on a global scale.
During the Miocene, organic carbon burial was also important on the continent. Major brown coal deposits are known from different regions in Europe and the United States, from Greenland, Turkey, India, Russia, Japan, China, Thailand, Indonesia, Australia, and New Zealand. The onset of lignite deposition in NW Germany, for example, started at around 18 Ma, near the onset of the positive δ 13 C excursion (Utescher et al., 2000) .
It seems therefore likely that an important trigger of the positive δ 13 C excursion is associated with enhanced organic carbon burial on the continent and in marine depocenters. The positive δ 13 C excursion ended, however, at around 16-15 Ma (e.g., Flower and Kennett, 1994b) , whereas organic carbon burial rates continued to increase. This suggests that the increase in organic carbon burial alone may not have been suffi cient in driving the positive δ 13 C excursion. Other factors, such as the disappearance of shallow-water carbonate platforms (platform drowning; Schlager, 1981) may have been involved as well. Changes in shallow-water carbonate production have been shown to be infl uential in driving stable isotope signatures (e.g., Weissert et al., 1998) and drowning or important backstepping of carbonate platforms has been documented for different platforms during this period; for instance in the South China Sea (between 21.2 and 17.9 Ma: Erlich et al., 1990) ; at the early-middle Miocene boundary (Fulthorpe and Schlanger, 1989) ; the Mediterranean area (between 20 and 16 Ma: Mutti et al., 1997; between 17.5 and 16-15 Ma: Brandano and Corda, 2002) ; and the Caribbean (24-16 Ma: Edinger and Risk, 1994) .
The disappearance of carbonate platforms may have been related to the enhanced detrital and associated nutrient fl ux rates (cf. Mutti et al., 1997; Brandano and Corda, 2002) . A further expression of this phenomenon may be sought in the widespread occurrence of phosphate-rich sediments that date from this period. Indeed, the early to middle Miocene is a period of increased phosphorus burial rates, phosphogenesis, and the formation of economically viable phosphorite deposits (Cook and McElhinny, 1979; Föllmi, 1995) , such as are found in South Carolina and Florida (Riggs, 1979 (Riggs, , 1984 Riggs and Sheldon, 1990; Compton et al., 1990 Compton et al., , 1993 .
CONCLUSIONS
The Miocene Monterey Formation of the central Californian borderland is regarded as a model formation for the study of sedimentation processes along an active margin, organic-carbon accumulation and phosphogenesis related to coastal upwelling, early diagenetic formation of dolomite and transformation of biosilica, and its relation to climate change during the middle Miocene (the Monterey hypothesis, Vincent and Berger, 1985) . Our analysis of the mineralogy, sedimentary structures, organic matter, phosphates, and nannofossils in the organic-carbon and phosphate-rich part of the Monterey Formation at Naples Beach allows us to formulate the following conclusions.
1. The common presence of sedimentary structures such as slumps, local unconformities, erosive surfaces, and reworked clasts points to the importance of bottom-current activity and gravity-fl ow deposition, and we assume that a considerable portion of the organic-rich mud has been deposited under the infl uence of gravity-fl ow deposition.
2. Organic-carbon accumulation at this site is therefore the result of the balance between gravity-fl ow deposition and subsequent erosion by current activity and high-energy events such as seismic events rather than by the deposition of suspended organic matter.
3. Strontium isotopes measured in a selection of phosphatic materials do not provide stratigraphically meaningful ages; this may be due to the widespread occurrence of volcanic ash layers, which may have contaminated the strontium isotope signal in the phosphate. 4. A new age model based on calcareous nannofossils allows us to quantify organic-carbon accumulation rates, which varied between 55 and 1130 mg/cm 2 /k.y. These rates are considered to be modest: the average rate corresponds to ~8% of the organic-carbon accumulation rate actually found in the high-productivity area offshore of Peru.
5. Given these rather low rates, the high average TOC values (between 6 and 12 wt% outside the condensed interval) appear to be the product of good preservation conditions, which overruled the negative effects related to periods of nondeposition and occasional sediment reworking and removal on organicmatter preservation. We suggest that early diagenetic sealing of the sediments by phosphatic laminae may have been advantageous for organic-carbon preservation, besides the more commonly invoked conditions such as low-oxygen conditions. 6. Phosphogenesis and the formation of phosphatic laminae was a very early diagenetic process, which took place in the uppermost centimeters of the sediment, close to the sedimentwater interface. Once formed, the phosphatic laminae were often affected by subsequent processes, such as fracturing, slumping, winnowing, erosion, and bioturbation. (2002) 7. The formation of condensed phosphatic beds is the product of highly dynamic sedimentation processes, which were induced by a combination of current and seismic activity. The result is stacked and coalesced phosphatic laminae, fractured phosphate layers, winnowed phosphate-rich layers, and redeposited conglomeratic layers. Most condensed beds in the Monterey Formation are a composite of these different stratifi cation types.
8. The Monterey Formation at Naples Beach is highly enriched in phosphorus relative to organic carbon. Since the Redfi eld ratio is preserved in the mudstone of a selected representative sample, we suggest that this is due to an external source of phosphorus (seawater). This precludes the regeneration of organic phosphorus by early diagenetic decomposition of organic matter as an internal source of phosphorus and also a potential refl ux of phosphorus from the sediment into the bottom water related to low-oxygen conditions. 9. Changes in continental weathering regimes induced by climate change, the advent of C4 plants, and the spreading of grasslands, and the increasing importance of the Himalaya and other mountain chains considerably increased sedimentary fl uxes and organic-burial in nearcontinental depocenters. The increased fl ux of detrital sediments and associated nutrients may have been responsible for the widespread backstepping and drowning of shallow-water platforms during the early and early middle Miocene, and both the increase in organic-carbon burial as well as the decrease in shallow-water carbonate production may have been involved in the positive shift in late early to early middle Miocene δ 13 C. At the same time, conditions were appropriate for the widespread formation of phosphate-rich sediments.
10. The formation of important and widespread lignite deposits on the continent during the Miocene points to a further important carbon sink that may have been implied in atmospheric CO 2 drawdown and cooling.
11. For the Monterey Formation at Naples Beach, a direct correlation between organiccarbon burial and climate change is not evident. Phosphorus burial rates did not dramatically change prior to 13 Ma. In spite of the generally high TOC values, the sediments of the Monterey Formation may not represent an important sink for organic carbon during the middle Miocene, which would deprive the Monterey hypothesis of its main witness.
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